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An electiosuigical instrument, which is used for 
the trtaoncm of tissue in the presence of an eleciricalJy. 
conductive fluid medium, comprises an instrument shaft 
m and an ctectrode assembly (12) at one end of the 
shaft. The electrode assembly (12) comprises a assuc 
ueamicnt cicctrode (14) and a return elecirtxie (18) which is 
eJcctncally insulated fium dte tissue treatment electrode by 

electrode (14) is exposed at the distai end portion of the 

contea surface spaced proximaUy from the exposed end 
of the ossue ticaonem electrode by die insulation member 
(16). exposed end of die tissue treatment electrode (14) 
IS commuted by a plurality of tissue iroatmem filamentary 
members made of an electricaUy-conductivc material 
the hlamentaiy memben being electrically ccmnected to a 
common electrical supply conductor. 
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m UNDERWATER ELECTROSURGICAL INSTRUMENT 

This inveimon reiaies to an eiecirosurgicai insiniineni for the ireatmeni of tissue in ihe 
presence of an dectrically conductive fluid medium, to clectrosurgical apparatus uiduding 
5 sucii an instrumenu and to an elecuode unit for use in such an instrument. 

Endoscopic electrosurgcry is usefiil for treanng tissue in cavities of the body, and is 
ncmnaUypenoTinedinthepresenceofadisiensionmedhim. When the distension inedhnn 
is a tiquid. this is commonly referred to as underwater dectrosurgeiy. this term denoting 
eJectrosurgeiy in which living tissue is treated uang an eiecirosurgicai insirumem with a 
10 treaunent' electrode or electrodes immersed in liquid at the operation site. A gaseous 
medium is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potential volume in which a liquid medmm would be unsuitable, as 
is often the case in laparoscopic or gastroemerological surgery. 

15 Underwater surgery is commonly performed using endoscopic techniques, in which the 
endoscope itself may provide a conduit (commonly referred to as a working channel) for 
the passa« of an electrode. Alternatively, the endoscope may be specificaUy adapted (as 
in a reseaoscope) to include means for mourning an electrode, or the electrode may be 
i^roduced into a bodv cavity via a separate access means at an angle with respect to the 
■>0 endoscope - a technique commonly referred to as triangularion. These variauons m 
technique can be subdivided by surgical spedaUty. where one or other of the tecnmques 
has particular advantages given the access route to the specific body cavity. Endoscopes 
whh inteural working channels, or those charatterised as resectoscopes. are generaUy 
emploved when the body cavity may be accessed through a natural opening - such as the 
.5 cemcal canal to access the endometrial cavity of the uterus, or the urethra to access the 
prostate gland and the bladder. Endoscopes specifically designed for use m the 
endometrial cavitv are referred to as hysteroscopes. and those designed for use m the 
urinarvtraainchuiecystoscopes. urethroscopes and reseaoscopes. The procedures of 

t^^^rethalresecdonor vaporisation of theprostate gland a^ 
30 resoeaiveW. When there is no natural body opening through which an endoscope may be 
passedthetechniqueoftrian^uiationiscommonlyemployed. Triangularion .s commonly 
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used during undenvaier endoscopic surgeiy on joint cavities sucb as the knee and the 
shoulder. The endoscope used in these procedures is commonly referred to as an 
anhroscope. 

5 Electrosurgery is usually carried out using either a monopolar instrument or a bipolar 
insmiment. With monopolar electrosurgery, an active electrode is used in the operating 
region, and a conductive return plate is secured to the patient's skin. Whh this 
arrangemem. currcm passes from the active electrode through the pauem's tissues to the 
external return plate. Since the patient represems a significant portion of the circuit, input 

10 power levels have to be high (typically 1 SO to 250 watts), to compensate for the resistive 
current Umiting of the patient s tissues and. in the case of underwater electrosurgery. 
power losses due to the fluid medium which is rendered partially conductive by the 
presence of Mood or other body fluids. Using high power with a monopolar arrangement 
is also hazardous, due to the tissue heating that occurs at the return plate, which can cause 

15 severe skin bums, There is also the risk ofcapadtive coupling between the instmmem and 
patient tissues at the entry poira imo the body cavity. 

With bipolar electrosurgery, a pair of electrodes (an active elecm>de and a renim 

electrode) arc used together at the tissue application ate. TKs arrangement has 
20 advantages nom the safety standpoint, due to the rdarive proximity of the two electrodes 

so that radio frequency currents are limited to the region between the electrodes. 

However, the depth of efiea is du-ectly related to the distance between the two electrodes; 

and. in applications requiring very small electrodes, the imer-dectrode spacing becomes 

very smafl. thereby hmiting tissue efea and output power. Spacing the electrodes fimher 
25 apan would often obscure vision of the application site, and would require a modification 

in surgical teduoque to ensure correa contaa of both electrodes with tissue. 

There are a number of variations to the basic design of the bipolar probe. For example, 
U.S. Patem Specification No. 4706667 describes one of the fundamentals of the design. 
30 namely that the ratio of the contaa areas of the renim electrode and of the active electrode 
is greater than 7: 1 and smaller than 20: 1 for cutting purposes. This range relates only to 
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cutiing elecirode configurauons. When a bipolar instmmem is used for deaccation or 
coagulation, the ratio of the contaa areas of the two electrodes may be reduced to 
approximately 1 . 1 to avoid differential electrical stresses occurring at the contaa between 
the tissue and the elearodes. 

5 

The electrical junction between the return electrode and tissue can be supponed by wetting 
of the tissue by a conductive sohition such as normal saline. This ensures that the surgical 
e&a is tinmed to the needle or aaive electrode, with the electric drcuii between the two 
electrodes being completed by the tissue. One of the obvious limitaiions with the design 
10 is that the needle must be completely buried in the tissue to enable the return electrode to 
complete the circuit. Another problem is one of the orientation: even a relatively smaU 
cnange in application angle from the ideal perpendicular contact with respect to the tissue 
surfece, wiU change the contaa area ratio, so that a surgical effea can bcoir in the tissue 
in contao with the return electix)de. 

15 

Cavity distension provides space for gaining access to the operation site, to miprove 
visuafisatioa and to allow for manipularion of instruments. In low voluine body cavities, 
panicularly where it is desirable to distend the cavity under higher pressure, liquid rather 
than gas is more commonly used due to better optical charaaerisiics, and because it 
20 washes blood away from the operative site. 

Convemional underwater eieoxosursery has been performed using a non-conduoive Uquid 
(such as 1.5% glycine) as an irriganu or as a distension medium to elkninate elcarical 
conduaion losses. Qycine is used in isotonic concemrations to prevent osmotic changes 
25 in the blood when imra-vasailar absorption ooairs. In the course of an operation, veins 

may be severed, with resuhani infiision of the Uquid imo the circulation, which could cause. 

among otiier things, a dihition of serum sodhim which can lead to a condition known as 



water incoxicanon. 



30 Tne applicams have found that it is possible to use a conduaive liquid medhim. such as 
normal saline, in underwater endoscopic electrosurgery in place of non-conduoive. 
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deorolyte-n-ee soiutions. Nonnal saline is the preferred distension medium in underwater 
endoscopic surgery when elearosurgery is not contemplated, or a non-eiectrical tissue 
effect sucii as laser treatment is being used. Althougit normal saline (0.9%w/v. 1 SOmmoW) 
has an electrical conduaiviiy somewhat greater than that of most body tissue, it has the 
5 advantage that displacement by absorption or extravasation tirom the operative site 
produces little phyaological effect, and the so-called water intoxication effects of non- 
conductive, eiectrolyte-free solutions are avoided. 

Carbon dioxide is the preferred gaseous distension medium, primarily because of its non- 
1 0 toxic nature and high water solubility. 

In endoscopic procedures in which the distension medium is a gas, the applicants have 
found that it is possible to use an elearically-conduaive gas (such as argon) in place of 
carbon dioxide. Argon is conductive when excited imo a discharge state, and has been 
1 5 employed in both endoscopic and conventional monopolar elearosurgery as a method of 
increasing the distance between the tissue and the instrument, by providing a conducive 
path between the two when high voltage electrosurgical ouputs such as spray or fiilgunte 
ate being used. The high voltages used m this application result in a very tow penetration 
of the electrosurgical effea into the tissue, making the technique only suitable to control 
20 bleeding from mukiple small blood vessels. This allows the surgeon to stanch bleeding 
from muiuple sites m a surgical wound using a rapid "painting" technique, rather than 
applying eiectrosurgcry to each individual bleeding site. The argon gas is deUvered 
through a hoUow surgical instrument, and passes over the monopolar electrode exposed 
at the tip of the instrument as a stream. This produces a region at the operative site which 
25 is rich in argon, and which contributes to the distension of the body cavity. High vohage 
monopolar electrosurgical outputs are undesirable in endoscopic surgery, because of the 
risks of damaging sttucnires outside the field of vision, by either capadtive or direct 
coupling to a portion of the instrument remote from the operative site often outside the 
field of vision of the operator. 

30 
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Tne appiicanis have developed a bipolar insimmeni suitable for underwaief eiectrosurgery 
usina a conductive liquid or gaseous medium. This electrbsurgical iiOTumem for the 
treaimcm of tissue in the presence of a fluid mejnura. comprises an instrument body having 
a handpiece and an instrument shaft and an elearode assembly, at one end of the shaft. 
5 The eiecirode assembly comprises a tissue treatment electrode which is exposed at the 
extreme distal end of the instrument, and a renim electrode which is electricaUy insulated 
mjm the tissue ueatmem elearode and has a fluid contatt surfiice spaced proximally from 
the exposed part ofthe tissue treatment electrode. In use of the insirumenL the tissue 
treatment dearode is applied to the tissue to be treated whilst the return electrode, beii^ 
10 spaced proximally from the exposed pan ofthe tissue treannem electrode, is normally 
spaced from the tissue and serves to complete an decirosurgical current loop from the 
tissue treaunent electrode through the tissue and the fluid tnedium. This electfosurgical 
instrument is described in the specification ofthe appUcants* co-pending British Patent 
Application No. 9512889.8. 

15 

The elearode structure of this instrument, in combination with an electrically conductive 
fluid medium largely avoids the problems experienced with monopolar or bipolar 
elearosurgery. In particular, input power levels are much lower than those generally 
necessary with a monopolar arrangement (typicaUy 100 watts). Moreover, because ofthe 
20 relatively large spacing between its electrodes, an improved depth of effect is obtained 
compared with conventional bipolar arrangement. 

The aim ofthe invention is to provide an improved dectrosurgical instrument of this type. 

25 The presem invention provides an electrosurgicai instrument for the treatment of tissue in 
the presence of an dectricaUy-conducrive fluid medhim. the instrument comprising an 
instrument shaft, and an dearode assonbhr at one end of the shaft the dearode assembly 
comprising a tissue treaimem dearode and a renim dearode whidi is clectriailly 
insulated from the tissue treatment dectrode by means of an insulation member, the tissue 

30 treatment dectrode bong exposed at the distal end portion of the insnumeni. and the 
return dearode having a fluid contaa surncc spaced proximally from the exposed aid of 
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the tissue ueauneni elearode by the insulation member. wher«n the exposed end of the 
tissue treatment eiectrode .s constituted by a piunuity of tissue treannent filamemaiy 
.embers made of an eiectricaliy-conductive matenal. the filamemary members bem. 
electricaUy conneaed to a common eiecirical supply conductor. 

' The return electrode is spaced from the tissue treatmem eiectrode so that, in use, it does 
not conua the tissue to be treated, and so that the electrical circutt is always completed 
by the conductive fluid, and not simply by arcing between the electrodes. Indeed U.e 
a^emem is such that arcing between the adjacent paru of the electrode assembly . 

,0 avoid;itherebve„suringthattheussuetreatmehtdectrodecanbecomeenvd^^^^^^ 

vaoour pocket so that tissue entenne the vapour pocket becomes the prererrea path for 
current to flow back to the return elearode via the conductive fluid. 

The electronical instr^ent of the invention .s useft. for dissecdon. resection, 
,5 vaporisatio^d^ccationandcoagulationoftis^eandcombina.^^ 

^p^^cularappEc^^on^nhysteroscopicsurgicalprocedures. Hysteroscoptc op.^ 
p„,cZsmavinchule: .«„ovai of subo».»s3l fibroid, polyps arui m^gnamneopl^^^ 
Lection of conger uterine anomalys .ch as septum or subsepnmt; mvtston o 
syncchiae (adhes.oWsis); ablation of diseased or hypertrophic endometrial ns»e. and 
20 hacmostasis. 

» an^c s^>. :^ ^ 
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i^.,rtato .dhBioiB. faaun: »d .endon d*ride™=« as appU«i .0 any of m. synodal 
joims of A= boor, inducim Uicnnai shm*a« of joim tapsuies as a ueaunw for recutien. 
dislocalion. subluxauon or rtpeniiv. stress ir^ury to any anicuiared join, of *. body, 
disecomy «.h=r in the tream«« of disc prolpas. or as pan of a spiral limon vta a 
S postenor or »tBio, approach to the ceryicaL thoraac a™i htntbar spine or any other 
Smm joitn for sioiilar purposes; excision of diseas«l tissue; and haetnostasK. 

The instnnnea of U,. invention is also usdiil tor dissecdon, resection. vaporis«io.. 

d^ccaton and coa^Jatton of tissue and combinations of these functions with parttcula, 
,0 appUcaaon in urplogical endoscopic (urohroscopy, cya«.scopy. ureteroscop, ^ 
ne.h«.scopy,a«.p.rcuta.«».ssurger,. Urolopcai procedures niay indude; electro. 
,,„^of dteprostateniand <EVAP) and other variants of the procedure conwoniy 
^toasuansuretW resection of the prostate (•nmP)inc.udin^tono.hn>ned^. 

^.^ti^l ,hi«ion of the prosute gUnd by a percutaneous or perurethral route whetto 
,S perfbonedforb^tign or n»li^ disease; transur^hra. or per^tane^^ 

™,.,vt..=n«un.s^"-y-'«^"'~»^~°^:^ " 
they nta, arise any^ere ^ the uro,o,ica, traa ^ the caWces of the 
^.mai uref^i mean.; division of stric„,.« as the, n», ansa at the p..~ 
i^,P«,,ure..r.u«e,aiori&.bUddertKc,= or urethra: cotrecstonofurete.^^ 
,0 ^of«adde,divert.cu,.r.cystop,as.yproceduresastheyper,«n,ocorrect^ 

' yoi*., dysStnc^. them^iiy induced shrinica^ of pei.c floor as a correcuve treat,-. 
forbladderoecltdescent;excisionofdiseased«..u.;andhaen«>stasB. 

S,^pr«.*«usi«theb«nn.«ntofU,einv.n.ioninch,d.i«,od^^^ 

arlto.sur.<.si,e...u,hana.,iBa.conduitUca.««-^ 
conduit ««cb may b. in an anatoo^al body e»«y or space or one erased surs«^ 
c^orspacana. be d,stendeddu™, the procedure u»,. fluid or ntay be na»n% 
Z^tla^tonncsuuc^. Thesur^...u», .^'^c^^^ 

30 may include smniltaneous viewing of the site via an enao» p= 
visuabsation means. 
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In a preferred embodimeni. a plurality of separate, individual filaments constitute the 
fiiamentary members. Advantaaeously. the filamenis each have a iengih lying witnin the 
ranee of from 0.5 nun to 5 mm. in which case the instnimeni is used for tissue removal by 
vapoiisarioa Preferably, the filaments each have a diameter lying wnihin the range of from 
5 0.05 mm to 0.3 mm. 

Alienaiively. a single coiled fiiameni constitutes the fiiameniary members, the coils of the 
filamem constituting the filamentary members. 

1 0 Preferably, the filamentary members extend longitudinally fmm the extreme dtstal end of 
the instniment. Altemativeiy. the fdamentary members extend laterally through a cut-out 
formed in a side surrace of the insulation member adjacent to the distal end thereof 
ConvenienUy, the remm electrode is formed whh a hood-like extension which extends over 
the surfece of the insulation member which is opposite the cut-out. 

15 

In another preferred embodiment, the filamentary members are mounted within the 
insuladon member in such a manner that they are axiaDy movable rehuive to the insulanon 
member between a first operating positioa in which they extend partiaUy fix>m the 
Insulation member, and a second operating position, in which they extend fully from the 
20 insulation member. In this case, the instrument can be used for tissue removal by 
vapoiisanon when the filaments are in the first operating posinoa and for desiccation when 
the filaments are in the second operating position. 

Advantageously, the common electrical supply conductor is a central conduoor. the 
25 insulation member surrounding the central conductor. 

The filamentary members may be made from a precious metal such as platinum or from a 
platinum alloy such as platinum/mdium, platinum/tungsten or platinum/cobalt. The 
filamentaiy members could also be made of nmgstcn. The insulation member may be made 
30 of a ceramic material, silicone rubber or glass. 
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Where the filamcmary members are separate individual filaments, they may each have a 
length lying within ihe ranee of from 5 mm to 1 0 mm. In this case, they may be made of 
stainless steel. 

5 In yet another preferred embodiment, the insulation member is formed with at least one 
wing, the or eadi wing extending distaily from the insulation member to projea beyond 
the tissue ircamicm electrode. Preferably, the inailation member is formed with a pair of 
diametrically-opposed wings. 

10 The invention also provides an electrode unit for an clectrosurgical instrument for the 
treaimcra of tissue in the presence of an electrically-conductive fluid medmm. the electrode 
unit comprising a shaft having at one end means for connection to an instrument handpiece, 
and, mounted on the other end of the shaft an electrode asscnibiy comprising a tissue 
treatment electrode and a remm electrode wWch is electrically insulated fi-om the tissue 

1 5 trcaimcm decirodc by means of an insulation menobcr. the tissue treannent electrode being 
exposed at the distal end portion of the instrument, and the renim electrode having a fluid 
comaa surfecc spaced proximally from the exposed end of the tissue treatment electrode 
by the insulation member, wherein the exposed end of the ussue treatment electrode is 
consdmted by a phirality of tissue treatment filamentary members made of an electncally- 

20 conduaive material, the filamentary members being electrically connected to a conunon 
electrical supply conductor. 

The invention fiirthcr provides clectrosurgical apparatus compriang a radio firequcncy 
generator and an electrosurgicai instrument for the treatment of tissue in the presence of 
25 an electrically-conductive fluid medhim. the instrument comprising an instrument shaft and 
an dectrode assembly at one end of the shaft the electrode assembly comprising a tissue 
tfeatmcm electrode and a return clecu^de which is electrically insuhted from the tissue 
treamiem dectrode by means of an insulation mendaer. the tissue u^eatmcnt dectrode bang 
exposed at the distal end portion of the instrument, the remm dectrode having a fluid 
30 contact surfeie spaced proximally from the exposed end of the tissue treatment dectrode 
by the insulation member, and the radio frequency generator having a bipolar output 
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connected lo ihe eiectrodes. wherein ihe exposed end of the tissue ireaunem eiectrode is 
constiruied by a plurality of tissue treatment filamentary members made of an eiectricaily- 
conductive matenal. the fiiamentary members bemc eiectncaliy connected to tne radio 
frequency cenerator by a common electric suppiy conductor. 

5 

Advamaceously. the radio frequency cenerator includes comrol means for varying the 
output power delivered to the electrodes, the control means being such as lo provide 
output power in first and second output ranges, the first output range being for powering 
the electrosurgical instrument for tissue dessicaiion. and the second output range being for 
1 0 powering the electrosurgical instrument for tissue removal by vaporisation. Preferably, the 

first output range is from about 1 50 volts to 200 volts, and the second output range is from 

about 250 volts to 600 volts, the voltage being peak voltages. 

The invention will now be descnbed m greater detail, by way of example with reference 
1 5 10 the drawings, in which:- 

Figure I is a diagiammatic side elevauon of an electrode assembly at a distal end of a first 
form of elearode unit constructed in accordance with the invention; 

20 Figure 2 is a graph i.lustraung the hvsteresis which exists between the use of the electrode 
unit of Figure I in desiccating and vaporising modes: 

Figure 3a is a diagrammatic side elevation of the first electrode unit, showing the use of 
such a unit for tissue removal by vaporisation: 

Figure 3b is a diagrammatic side elevauon of the first electrode unit, showing the use of 
such a unit for tissue desiccation; 

Figures 4a to 4c are diagrammatic side elevations of the electrode assembly of a second 
30 form of electrode unit consmicted in accordance with the invention: 
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Fieures 5a and 5b are diagraminaiic side cJevaiions of the electrode assembly of a third, 
form of electrode unit constructed in accordance with the invention; 

Figures 6a and 6b are diaErammaiic side elevations of the electrode assembly of a fourth 
5 form of electrode unit constructed in accordance with the invention; 

Fieures 7a and 7b are diagrammatic side elevations of a fifth form of electrode tmii 
constructed in accordance with the invention; 

1 0 Fieure 8 is a diagrammatic side elevation of a sixth form of electrode unit constructed in 
accordance with the invention; 

Fieure 9 is a cross-section taken on the line A- A of Figure 8; 

1 5 Figure 10 is a diagrammacdc side elevation of a seventh form of electrode, unit constructed 
in accordance with the invention; 

Figures lla to lid are diagrammatic side elevations of further forms of electrode unit 
constructed in accordance with the invention: and 

20 

Figure 12 is a diagram showing an elearosurgicai apparatus construaed in accordance 
with the invention. 

Each of the electrode units described below is miended to be used with a conductive 
25 distension medhxm such as normal sahne. and each unit has a dual-electrode strucmrc, with 
the conductive mcdhim acting as a conduaor between the tissue being treated and one of 
the electrodes, hereinafter called the return electrode. The other electrode is appUcd 
directly to the tissue, and is hereinafter called the tissue treatment (active) electrode. In 
many cases, the use of a Uquid distension mcdmm is preferable, as it prevents excessive 
30 electrode temperatures in most circumstances, and largely eliminates tissue sucking. 
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RefeiTing to the drawings. Figure 12 shows elecuosurgical apparatus including a 
eenerator I having an output socket 2 providing a radio frequency (RF) output for an 
instrument in the form of a handpiece 3 via a connection cord 4 Activation of the 
generator I may be penormed from the handpiece 3 via a conuol connection in the cord 
5 4. or by means of a footswatch unit 5. as shown, connected separately to the rear of the 
generator 1 by a fooiswitch connection cord 6. In the iUusuTtted embodiment, the 
fooiswitch unit 5 has two footswitches 5a and 5b for selecting a desiccation mode and a 
vaporisation mode of the generator I respectively. The generator from panel has push 
buttons 7a and 7b for respectweW setting desiccation and vaporisation power levels, which 
10 are indicated in a display 8. Push buttons 9a are provided as an alternative means for 
selection between the desiccation and vaporisation modes. 

The handpiece 3 mounts a deuchable electrode unit E. such as the electrode units El to 
El 1 to be described bdow. 

15 

Figure 1 shows the first form of electrode unit El for detachable fastening to the 
electrosurgical instrument handpiece 3. the electrode unit comprising a shaft 10. which is 
constituted by a semi-flexible tube made of stainless steel or phynox electroplated in 
copper or gold, with an electrode assembly 12 at a distal end thereof At the other end 
20 ( not shown) of the shaft 10. means are provided for comiecting the electrode unit El to 
a handpiece both mechanically and electrically. 

The RF generator I (not shown in Figure I) delivers an electro-surgical currem to the 
electrode assembly 12. The generator inchides means for varying the deUvered output 
25 power to suit different elearosurgical requirements. The generator may be as described 
in the spedficaiion of our co-pending British Patent AppUcation 9512888.0. 

The electrode assembly 12 includes a central tissue ueatmem (active) electrode 14 in the 
fom, of a brush electrode. The active electrode M is connected to the generator 1 via an 
30 imeanl central conduaor 14a and a cemral copper conduaor (not shown, positioned 
whtothehandpieceoftheinstiument The brush electrode 14 is constituted by a ph«ainy 
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of niamenis of tungsiea the niamems having diameters lying in the range from O.OSnun to 
0.3mm. A tapered ceramic insulation sleeve 16 surrounds the conduaor 1 4a. A return 
electrode 18. w'nich is constituted by the distal end ponion of the shaft 10. abuts the 
proximal end of the sleeve 1 6. An outer insulating coating 20 surrounds the proximal 
5 ponion of the shaft adjacent to the return elearode 1 8. The coating 20 would be 
polyvinylidene fluoride, a polyimide, polyietraftioroethylene. a polyolcfin, a polyester or 
ethylene tetrafluoroethylene. 

By varyii^ the output of the generator 1 . the electrode unit E 1 of Figure 1 can be used for 
10 tissue removal by vaporisation, or for desiccation. Figure 2 illustrates how the RF 
Bcnerator 1 can be coniroDed to take advantage of the hysteresis which exists between the 
desiccation and the vaporising modes of the electrode unit El. Thus, assuming the 
dearodc assembly 1 2 of the unit E 1 is immersed in a conductive medmm such as saline, 
there is an initial impedance "r" at point "O". the magnitude of which is defined by the 
1 5 geometry of the electrode assembly and the electrical conducthdiy of the fluid medhm 
The yahic of "r" will change when the active electrode 1 4 contacts tissue, the higher the 
value of "r" the greater the propensity of the electrode assembly 12 to enter the 
vaporisation mode. When RF power is applied to the electrode assembly 12 the fluid 
medium heats up. Assuming the fluid medium is normal saline (0.9% w/v), the 
20 temperature coefficient of the fluid medium is positive, so that the corresponding 
impedance coefficieni is negative. Tnus. as power is applied, the impedance initially falls 
and continues to fall with increasing power to point "B", at which point the saline in 
intimate contaa with the electrode assembly 12 reaches boiling point. Small vapour 
bubbles fonn on the surface of the active decirode 14 and the impedance then starts to 
25 rise. After point "B*. as power is increased further, the positive power coefficient of 
impedance is dominant, so that increasing power now brings about increasing impedance. 

As a vapour pocket fonns from the vapour bubbles, there is an increase in the power 
density at the residual electrode/^saiine imerfece. There is, however, an exposed area of the 
30 active electrode 14 not covered by vapour bubbles, and this further stresses the interface, 
producing more vapour bubbles and thus even higher power density. This is a run-away 



RECTIFIED SHEET (RULE 91) 
ISA/EP 



wo 97/24994. 1PCT/CB97/000W ^ 

14 

condition, with an eqtmibrium point only occurring once the electrode is compl«ely 
envdoped in vapour. For given set of variables, there is a power threshold before this new 
equilibrium can be reached (point "C"). 

5 The region of the graph between the points "B" and "C". therefore, represents the upper 
limit of the desiccation mode. Once in the vaporisation equilibrium state, the impedance 
rapidly increases to around 1000 ohms, with the absolute value depending on the system 
variables. The vapour pocket is then sustained by discharges across the vapour pocket 
between the active electrode 14 and the vapour/saline imcrfece. The majority of power 
1 0 dissipation occurs writhin tnis pocket, with consequent heating of the active electrode 14. 
The amount of energy dissipation, and the size of the pocket, depends on the output 
voluge. If this is too low. the pocket wall not be sustained, and if it is too hidt the 
electrode assembly 12 will be destroyed. Tlnis. in order to prevcm destruction of the 
electrode assembly 12. the povw output of the generator 1 must be reduced once the 
15 impedance has reached the point "D-. It should be noted that, if the power is not reduced 
at this point, the power/impedance curve wiU continue to cBmb and electrode destniciion 
would occur. The dotted line E indicates the power level above which electrode 
destfxicrion is inevitable. As the power is reduced, the impedance fells until at point - A", 
the vapour pocket collapses and the electrode assembly 12 reverts to the desiccation mode. 
20 At this point, power dissipation within the vapour pocket is insufficient to sustain it. so that 
direct contact between the aaive electrode 14 and the saline is re-estabtished. and the 
impedance falls dramaiicaUy. The power density at the active electrode 14 also falls, so 
that the temperature of the saline falls bdow boiling poim. The electrode assembly 12 is 
then in a stable desiccation mode. With the generator described.in the spedncation of our 
25 coiwtdiag British patent application 9604770.9. the output is 350 to 550 volts peak for 
the vaporisation mode, and about 1 70 volts peak for the desiccation mode. 

It wiU be apparent that the electrode unit El of Figure 1 can be used for desiccation by 
operating the unit in the region of the graph between the point "O" and a point in the region 
30 between' the points -fi" and "C" In this case, the electrode assembly 12 would be 
imroduced into a seleaed operation site with the aaive electrode 1 4 adjacent to the tissue 
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10 be treated, and whh the tissue, the active eiectrode and the return electrode 18 
immersed in the saline. The RF generator 1 would then be activated fand cyclically 
controlled as described in ihe speciilcation of our co-pending British patent application 
9604770.9) to supply sufficient power to the elearode asscmby 12 to maintain the saline 
S adjacent to the aaive electrode 14 au or just below, its boiling point without creating a 
vapour pocket surrounding the active tip. The electrode assembly would then be 
manipulated to cause heating and dessication of the tissue in a required region adiaccm to 
the acnvc electrode 1 4, The electrode unit El can be used for vaporisation in the region 
of the graph between the point "D** and the dotted line F which constitutes the level below 
10 whidi vaporisation cannot occur. The upper pan of this curve is used for tissue removal 
by vaporisation. It should also be appreciated that the elearode unit El could be used for 
cutting tissue. In the cutting mode, the elecaode unit El still operates with a vapour 
pocket, but this pocket is much smaller than that used for vaporisation, so that there is the 
least amount of tissue damage commensurate with cutting. Typically, the generator 
I S operates at about 270 volts peak for cutting. 

The temperature generated at the active electrode 14 is of the order of 1500X in the 
vaporisation mode, so that the active elearode is made of a material that can withstand 
such high temperatures. Preferably, the aaive elearode 1 4 is made of tungsten, pladnura 
20 or a platinum alloy (such as piatinunviridium or platinum/tungsten). 

Figure 3a illustrates schematically the use of the elearode unit El of Figure 1 for tissue 
removal by vaporisation, Thus, the electrode unit El aeatcs a sufficiently high energy 
density at the active elearode 1 4 to vaporise tissue 22, and to create a vapour pocket 24 
25 summndingtheacdve electrode. The formation of the vapour pocket 24 creates about a 
lO-foU increase in comaa impedance, with a consequent increase in output voltage. Arcs 
26 are created in the vapour pocket 24 to complete the drcuii to the return electrode 18. 
Tissue 22 which contacts the vapour pocket 24 will represem a path of least dearical 
resistance to complete the ciraiit. The closer the tissue 22 comes to the active dectrode 
30 14, the more energy is concentrated to the rissue. to the extent that the cdls explode as 
ihev are sauck bv the arcs 26. because the return path through the conductive fluid (saline 
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in this case) is blocked by the high impedance barrier of the vapour pocket 24. The saline 
solution also acts to dissolve the solid produas of vaporisation. 

Figure 5b illustrates schematically the use of the electrode unit El for tissue desiccation. 
5 In the desiccation mode, output power is delivered to the electrode assembly 1 2 in a first 
output range, so that current flows from the active electrode 14 to become heated, 
preferably to a point at or near the boiling point of the saline sohition. This creates small 
vapour bubbles on the suiftce of the active electrode 14 that inaeases the impedance 
about the active electrode. 

10 

The body tissue 22 typically has a lower impedance than the impedance of the combination 
of vapour bubbles and saline solution adiacem to the aaive electrode 1 4 When the active 
electrode 14 surrounded by small vapour bubbles and saline solution is brought into 
. contact with the tissue 22. the ussue becomes part of the preferred electrical current path. 
15 Accordingly, the preferred current path goes out of the active electrode 14 at the point of 
ossue comacL through the tissue 22. and then back to the return decinjde 1 8 via the saB^ 

sohition, as shown by the current path fines 28 in Figure 3b. 

The invention has particular appUcation in dessicating tissue. For tissue desiccating, one 
20 prefcrredapproachistocomactonlypartoftheactiveelectrodel4toihetissue22.with 

the remainder of the active decnode remaining remote from the tissue and surrounded by 
saline solution, so that current can pass from the active electrode to the return electrode 
18 via the saiine solution, without passing through the tissue. For example, in the 
embodiment shown in in Figure 3b. only the distal portion of the active electrode 14 
25 contacts the tissue 22. with the proximal portion remaining spaced away from the tissue. 

The invention can achieve desiccation with no or minimal chairing of the tissue 22. When 
the active electrode 14 comacis the tissue 22. currem passes through the tissue, causing 
the tissue at. and around, the comaa point to desiccate. The area and volume of 
.30 desiccated tissue 30 expands generally radially outwardly from the point of contart. As 
the tissue 22 is desiccated, it loses its conductivity. As the area and volume of desiccated 
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bdow with reference to Figures 4a to 4c. 

. f „n of deorodet-ut E2 whose deorode assembly 32 includes 
30 F«aire 4 shows the second fonnoidcoroaeunu of , conductive 

J v„.!inhiTalitv of filaments maoeot a conuu*^ 
a„ active dearode 34 which is constmated by a phirahty 
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maicriai such as siainicss steel. The fuaments of the brush electrode 34 are much longer 
(lOmm as compared with 5mm) than the filaments of the bnish electrode 14, as the 
electrode unit E2 is intended primarily for desiccation. In this embodiment, the 
retum:aciive ratio is variable from > 2:1 in the "closed" form to < 1:1 in the "splayed" 
5 form. The elearode assembly 32 also includes a ceramic insulation sleeve 36. a return 
elecuode 38 and an outer insulating sheath 40. The active electrode 34 is a brtish 
elearode whose tip is flexible to provide a reproducible tissue effect which is substantially 
independent of the application angle of the electrode with respect to the surfecc of the 
tissue T (see Figure 4c). Thus, the flexibility of the active electrode 34 results in 
10 differential contact areas of the active elearode dependent on the applied pressure. For 
example. Figure 4a shows the brush electrode 34 "closed" during the application of tight 
pressure, and Figure 4b shows the brush "splayed" by firm tissue pressure. This enables 
the crMtion of a broader surgical effert than the diameter of the elearode 34 would 
otherwise allow, thereby reducing treatment time. Figures 4a to 4c also show the return 
15 path P for the current flow from the active electrode 34 to the return electrode 3 8 via the 
conductive mediimn. 

This large variation in the retum:active ratio is a feature which cannot be supponed by 
convenrionai bipolar designs. This variation in ratio can occur because the conductive path 
20 to complete the electrical circuit is maintained by the low impedance of the electrode 
comaa with the conductive fluid operating medhrai. In order to sustain the low impedance 
transfer of RF energy to the tissues, the RF generator must be controlled in such a way that 
vapour pockets cannot form at the interface bttween the active electrode and the tissue. 
This allows the tissue contaa to be cominuaily wened by the conductive fluid so that 
25 whilst the tissue water is removed by thermal desiccation, the impedance reaches an upper 
limit determined by a point just below a voltage threshold above which vapour pockets will 
start to form. This, confined with the greater insulation separation between the active and 
return electrodes, enables this type of electrode unit to defiver much higher powers 
efifectively to the tissue for a given electrode dimension than any known electrode unit. 

30 
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Figures 5a and 5b show the third form of electrode unit E3 This unit E3 is a modification 
of the elearode unit E2. and its electrode assembly 42 mciudes an active eiectrbde 44 
winch is consihuied by piuraiiiy of filaments made of stainiess steel. The aawe electrode 
44 is. therefore, a brush electrode and the filaments of this electrode are of a similar length 
5 to the filaments of the brush elearode 32. Tne electrode unit E3 is. therefore, imended 
primarily for desiccarion. The electrode assembly 42 also includes a ceramic insulation 
sieeve 46, a return electrode 48 and an outer insuhitintt sheath 50. The insulation sleeve 
46 is made of a ceramic material and. Wee the insulation sleeve 1 6 of the elearode unit El. 
it upcrs towards the distal end of the electrode assembly 42. Figure 5a shows the 
10 etectrode unit E3 in a non^perationai position, and Figure 5b shows the unit in desiccating 
mode against tissue T 

Figures 6a and 6b show a founh form of electrode unit E4 whose elearode assembly 52 
includes an «tensibleaaive elearode 54 in the form of a brush elearode. The filaments 
15 of the brush elearode 54 are made of tungsten, plaiimmi, platinumMmgsten or 
platinumMdium. The elearode unit E4 also includes a ceramic insulation sleeve 56, a 
return elearode 58, and an insulatmg sheath 60. As shown in Rgure 6a. the aohre 
elearode 54 can be wiAdrawn substantially within the insulation sleeve 56 so that only the 
free end portions of its filaments are exposed. With the aoive elearode 54 in this position, 
20 the electrode unit E4 can be used lo vaponse tissue m the manner described above with 
reference to Fieure 3. On the other hand, if the aai^-e elearode 54 is extended (see Figure 
6b). so thai its filaments extend fiilly from the distal end of the sleeve 56. the electrode 
E4 can be used for desiccation. The ratio of the comaa areas of the remra to aoive 
elearodes of the unit E4 can. therefore, be varied between the fiilly retraaed aohre 
25 elearode posmon (in which the ratio is high and the unit is used for vaporisation), and the 
extended position (m which the ratio is low and the unit is used for desiccarion). The umt 
E4 achieves its dual fimaionaHty by varying the extent by which the fihonents of the aoive 
elearode 54 are extended. Dual fimaionality could also be achieved by varying ax«l 
separation between the aoive elearode 54 and the roum elearode 58 (for example by 
30 varyingthelengthoftheinsulationsieeveSe). With a large extension ofthe filaments of 
the aoive elearode 54 or with a large axial eleorode separation, a large eleartc fidd .s 



RECTIFIED SHEET (RULE 91) 

le fi /CO 



wo 97/24994 PeT/GB97/00066 

20 

created so that more tissue is aiFcacd. With no extension of the filaments of the active 
electrode 54 or with a reduced electrode separation, a smaller electric field is produced, 
and is used for cutting or vaporisation in circumstances where no collateral thennai 
damaae to tissue is desirable. The larger electric field pattern is desirable for desiccatioa. 
5 or in circumstances where ihe desiccation of collateral tissue is desirable lo prevent 
haemorrhage fi'om a cut surface. 

Depending upon the ratio of the rctum:active dectiode area, therefore, the brush electrode 
of the invention can have a dessication fimction (as exemplified by the embodiments of 
10 Figures 4 and 5). a vaporisation tunaion (as exemplified by the embodiment of Figure 3), 
or a dual desiccation/vaporisation iunaion (as exemplified by the embodiment of Figure 

6). 

As indicated above, the primary use for the desiccaung brush is in providing a flexible, 
15 broad area electrode for desiccating large irreg^ areas of tissue. The requirement to 
treat such areas occurs in hysteroscopic surgery - desiccation of the endometrial kning of 
the uterus, and in urological surgery - desiccation and shrinkage of bladder diverticular. 
In both instances, the electrode is introduced through the working channel of the 
endoscope. 

20 

Introduction of the desiccating brush with a long and flexible, filamentary stmcmre can 
prove problematicai when the working channel of the endoscope is angled or includes steps 
in the inner bore. This can deform the brush filaments wluch, once inscned. cannot be 
adjusted and may not conform to the area of tissue; to be treated. Bending back of the 
25 filaments may also inadvenently create an electrical short to the remm electrode. 

Wlnlst preserving the desired fimctions of flexibility and contact area geometry depatdem 
on the pressure of application, the basic desiccating brush can be modified to overcome 
itesproWcm. For example, the brush filaments can be simply twisted together. Preferably. 
30 however, the filaments are welded logaher at their distal ends as shown in Figure 7 which 
shows a fiffli form of electrode unit E5. The decirode unit ES includes an active electrode 
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64 in the form of a brush electrode whose nlamenis are made of platinunu 
platinum/tungsten or platinum/iridhun. The distal ends 64a of the filaments are welded 
together as shown in Figure 7a. This prevents distortion of the filaments in the working 
channel of an endoscope, whilst permitting bowing of the filaments (as shown in Figure 7b) 
5 to increase tissue comaa area. The electrode unit E5 includes a ceramic insulation sleeve 
66. a return electrode 68 and an outer insulating sleeve 70. 

In the dual fiincxion brush elearode. the renim:aciive electrode area can be elevated to a 
level whicb is capable of produdng tissue vaporisadon. Obviously, with a very smaU active 
10 elearode area at the extreme of this range, the amount of tissue which can be desiccated 
becomes too smaU to be practically usenil. If. however, the ratio is configured in the mid- 
range, then the same electrode can be used to produce both effeaive desiccation and tiaue 
removal by vaporisation The shon brush described in Figure 1 is one example of such a 
dual purpose electrode. Given that the filamems camiot be fabricated in stainless steel to 
1 5 support vaporisation, tungsten filamems are the preferred material in the short brush due 
totheirrigidityovercomingtheissuesofdistonionduringimroduciion. Platinum alloys 
withstand the high vaporisation temperatures belter than tungsten but, due to their 
Oexibinty and the am»ealing process during use, cannot be used in the short bnish form. 
Platinum aUoy dual-function bnish-type electrodes, therefore, require the modifications of 
20 twisting, braiding, or welding of the distal tips to prevent distortion. 

These combined multi-fimctional brush electrode forms are particularly uscfid iri removing 
nanourmassesorpolypsencoumeredduringhysteroscopicandurologicalsurge.y. Tbey 

can vaporise the tumour bulk, incise the stalks of polyps, and desiccate any bleeding 
25 vessels or the base of the tumour without the need to change electrodes. 

m these multi-fimctional forms, the active electrode area is maximised for desiccation 
whilst sriU being capable of vaporisation or cutting fimcnons. The minimum ratio depends 

on four imponani criiera. namciy: 

30 

\ The intrinsic impedance of the target tissue. 
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2. The vohune of the body cavity. 

3 . The coniiguraiion of the active elearode. 

4 The maximum output power from the RF generator. 

5 The configurauon of the active elearode obviously influences the ratio, with cylindrical 
forms representing the lo\yest ratio for a given length, but the other faaors relate to the 
inability of the electrode to retain a vapour bubble. The filam«us of the brush-type 
electrodes reiam vapour bubbles, which helps maintain the vaporisation condition. 

10 An arthroscope electrode may be charaaerised as short (100-140nun). rigid with a 
working diameter up to 4mm. U can be introduced through a stab incision into a joint 
cavity (with or without a cannula) using the triangulaiion technique. When an arthroscope 
includes a brush electrode of the type described above, it is operated with a motion which 
commonly moves the brush electrode between the 9 o'clock and 3 o'clock poshions on the 
1 5 anhroscopic image. As a result, the tissue to be treated is commonly approached at a 
shaUow working angle with respect to the axis of the electrode. The electrode for 
aithoscopy thus needs to have an effea consistent with this angled approach to the tissue. 
The tissue to be u-eaied. such as meniscal cartilage, is commonly dense and of a high 
clearical impedance, such tissue having a free edge representing a common injury site 
20 where treatment is required. The drawback of known arthroscope elearodes which are 
solid form elearodes is that because the joint spaces are commonly smaU (the joint spaces 
in the knee being typically 60-100 mis under fluid distension), the vapour bubbles 
generated are large and tend to cause problems with visualisation. 

25 Figure 8 shows an arthroscope electrode unit E6 constiuoed in accordance with the 
invention. The electrode unit E6 includes an active electrode 74 which is constituted by 
a phirality of filaments made of mngsten or an aUoy of tungsten or plathram. The acnve 
(brush) electrode 74 is conneaed to an RF generator (not shown) via a central copper 
conduaor (also not shown). A ceramic insulation sleeve 76 surrounds the central 

30 conductor, the filaments 74a of the bmsh elearode passing along the insulation sleeve and 
extendbg lateraUy therefrom through a oit-out 76a. A remm electrode 78. which js 
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coDSUtuted bv the distal end of the mstmmeni shaft surrounds the proanuu end of the 
sleeve 76. An outer insulating coating 80 (which would be poiyvinylidene fiuonoe. a 
poWmide, polytetrafluoroethylene. a polyolefin, a polyester or ethylene 
tetraiiuoroethvlene) surrounds the proximal portion of the shaft adjacent to the return 
5 electrode 78. The remm elecuode 78 is formed with a hood-like extension 78a which 
extends over the surtace of the sleeve 76 which is opposite to the cut-out 76a. Tbe 
elearode unit E6 can. thus, provide maximum tissue engagement for shallow working 
angle appUcations. and is known as a side-effea electrode. 

, 0 Because of the higher impedance of the target nssue. the anhroscopic multi-function brush 
electrode should suppon a lower ratio than elearodes designed for hysteroscoptc and 
urolo«cal applicanons where the tissue is more vascular. Reducmg the rauo doe. 
^ have one drawback in body cavities of smaU vohime. such as the knee joint which 
is typically 60-80 mis. and that is heatmg of the surrounded irrigam or distension flmd. 
15 Heating occurs primarily during the application of power to reach the vapo.«at«n 
d^shold. Oncethethresholdhasbeenreached.thepowerrequirememtyptcaUyfeUsb^ 
30.50•^ Reducing the electrode ratio increases the power requiremem to reach the 
d^ld so that, despitethe highimpedance of the target tissue, it is undesirable to reduce 
the ratio to the lowest value capable of supporting vaporisation. 

m addition, the hi.h impedance is due to lack of vascularity of such tissues as meniscal 
canaag. Except, therefore, when muscle or synovial tissue is being treated, the pnmanr 
action of the athroscopic brush electrode is that it should provide rapid debulku^f 
,ie„se.avascularnssue. Desiccate foncdonality is not a requirement of such an insuument. 
.5 indeed, verv short rigid brush elearodes with electrode ratios greater than 5:1 are 
desirable. TTie only reason for not elevating the ratio further is the need to engage the 
maximum amount of tissue and simultaneously reduce procedure mne. 

.shor^rigidbrushelectrodeiofthetypedescribedabovewithreferencetoF^^^^ 
30 Figure 6a) can be thought of as an end-effect electrode which has ussue de^g 
or'ecision v.th mimma. thermal spread. Consequently, it can be used to create oiscrete 
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holes in tissue, thereby to create an access channel to tissue deep to the surface, as may be 
required as part of an interstitial ablation technique on a tissue mass such as a prostate 
adenoma or a uterine fibroid t'myolysis). This use of a vaporising, end-effect, technique 
enables only the fibroid to be removed by complete debulking leaving a resection margin 
5 conforming to the "false capsule" of the fibroid. No normal tissue is removed and. due to 
contf ol oif collateral thermal effects at the endorocirial resection margin, the scarring is 
reduced to a minimum, thereby increasing what chances there were of restoring fertility. 
Additionally, of coune. vaporisation docs not produce resection chippings to interfere with 
visualisation and prolong the procedure through the need to wash them out once the 
10 resection is completed. Conventional loop electrode reseaoscopes require removal of 
normal tissue surrounding such fibroids, and this is disadvanugeous because it increases 
the chance of bleeding, the risk of uterine perforation and the scarring of the uterus. This 
latter aspea is particularly undesirable when the procedure is being performed in an 
attempt to restore fertility. 

15 

Alternatively, a short, rigid brush electrode can be used to debulk a tumour (such as a 
fibroid, a bladder tumour or a prostate adenoma), or it can be used with the multiple 
puncture or drilling technique. In this case, after removing the intrauterine portion, the 
intramural portion can be treated by creating ("drilling") a series of holes into the abnormal 
20 tissue whether, for example, this is a fibroid or prostatic adenoma. To assess the depth of 

penetratioa marks may be provided on the electrode shaft at measured distances from the 
op. and hence to compare the depth of penetrarion against the pre-operative results of tests 

performed to establish aze of the nimour or adenoma. The residual tissue bridges wiU 
shrink as pan of the healing process. Whilst not removing the whole tumour, this 
25 technique is safer and quicker than removing the entire fibroid or prostatic adenoma, when 
treatmem is being performed either for menorrhagia or bladder outflow obstruction, 
respectively. 

Another problem with working in the confined space of a jotm cavity is in preventing 
30 damage to adjacem strucnires. paniculariy when the vaporising effect is enhanced, and 
both the tissue density and application angle make engagement and location difficult. This 
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proieaion feanire is imrinsic in the side-effea brush of Figure 8. when the insuiauon sleeve 
76 proiecis tissue Move, below and behind the active electrode window 76a which only 
occupies a small arc of the cross-sectional form (as shown in Figure 9). 

5 Fitture 10 shows the electrode assembly of the seventh form of electrode unit E7. This 
electrode assembly includes a central, tissue treatment (active) electrode consrimted by a 
plurality of filaments made of tungsten or an aUoy of mngsien or platinum, a tapered 
ceramic insulation sleeve 86, a renim eiecirode 88, and an outer insulanng sleeve 90. The 
insuiauon sleeve 86 is formed with a pair of diametrically-opposed, fpnvardly-exiending 
10 wings 86a which projea beyond the active electrode 84. The filaments consiimiing the 
aciwe electrode 86 extend only a short distance from the distal end of the insuUtion sleeve 
86. thereby constituting a veiy shon bmsh electrode. The elecuode unit E7 has. therefore, 
a large reium:active electrode ratio, so that this elearode unit is intended primarily for a 
tissue removal by vaporisation. The electrode unit E7 is particularly useful for 
1 5 electrosurgical operations on meniscal cartilage or any other elongate laminate structure 
which is to be treated from the side, as the wings 86a can be used to trap the cartilage 
against the active electrode 84. The configuration of the wings 86a also assistt in 
preventing unnecessary exposure of the active electrode 84, which may otherwise damge 
adjacent strucmres when working in the confined spaces commonly encountered in 
20 endoscopic surgery 

Figures 1 la to I Id show eighth, nimn. tenth and eleventh forms of electrode unit E8 to 
EU. each of which incorporates an active electrode in the form of a coUed spring filament 
94. The electrode units E8 to El I each inchides an insulation sleeve 96, a renira electrode 
25 98 andaninsulating sheath 100. The electrode unit E8 of Figure 11a is similar to that of 
Figure 5a, being intended primarily for desiccation: and the electrode unit E9 of Figure 1 lb 
is'amilar to that of Figure I. being intended primarily for vaporisarion. The eiectrode umt 
ElO of Figure lie is similar tb that of Figures 8 and 9. in that the coU electrode 94 is 
formed in a cut-out 96a formed in the side of the insuhmoh sleeve 96. and the renmi 
30 eiectrode 98 U formed with a hood-like extension 98a which extends over the surfece of 
the sleeve 96 which is opposite to the cut-out 96a. The electrode unit ElO can. thus. 
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provide roaxiinuin tissue engagement tor shallow working angie applicauoos. and is 
another form of sidc-efFea elearode. The electrode unit El 1 of Figure I Id is similar lo 
thai of Figure 10. in thai the insulation sleeve 96 is formed with a pair of diametricaUy- 
opposed. forwardly-exiending wings 96b. In each of these embodiments, the active 
5 electrode 94 is made of an alloy of platinum. 

The electrode units E8 to Ell are similar to the brush-type electrodes of Figures 1 to 10, 
and have simiiar surgical effects, apart from the fact that they eliminate the risk of splaying 
(which is advantageous in certain electro-surgical procedures). They have, however, the 
1 0 advantage of simplifying the assembly procedure, paniculariy when using platinum alloy 
materials. 

It will be apparent that modification could be made to the electrosurgical instruments 
described above. For example, the insulation sleeves 16, 36, 46. 56, 66, 76, 86 and 96 
1 5 could be made of a silicone rubber (such as a silicone polyurethene). glass, a polyimide or 
a thermoplastics material. 
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CLAIMS 



i. An eiectrosurcicai insinimem for the treaimem of tissue in the presence of an 
electrically-conductive fluid medium, the instrument comprising an insuumeni shaft, and 

5 an eiearode assembly at one end of the shaft, the electrode assembly comprising a tissue 
treatment electrode and a return electrode which is electrically insulated from the tissue 
ueatmeni electrode by means of an insulation member, the tissue treatment electrode being 
exposed at the distal end portion of the instrument, and the return electrode having a fluid 
comaa suifece spaced proximaUy from the exposed end of the tissue treatment electrode 

10 by the insulation member, wherein the exposed end of the tissue treatment electrode is 
constimted bv a oiuraiity of tissue treatment filamentary members made of an eiccirically- 
conduaive matenal the filamentary members being electrically connected to a common 
elccirical supply conductor. 

15 2. AndectrosurgicalinstiumemasclaimedindaimKwhereinaphir^^^ 
individual filaments constitute the filamentary members. 

3. An electrosurgical instnament as claimed in claim 2. wherein the filaments each 
have a length lying within the range of from 0. 5 mm to 5 mm. 

4 An electrosureical instrument as claimed m claim 2 or claim 5. wherein the 
fUaments each have a diameter lying within the range of from 0.05 mm to 0.3 mm. 

5 An dectrosurmcal mstiumem as claimed in daiml, wherein a sm^^ 

25 constimtes the filamentary members, the coils of the filament constituting the filamemary 
members. 

6 An electrosur^cal insuument as clahned in any one of daims I to 5. wherdn the 
filamentary members extend longrtudmally from the extreme distal end of the instrxonent. 

30 
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- An deorosurdcal insuumem as claimed in any one of claims I to 5. wherein the 
niamertury members extend laterally tnroueh a cm-out formed in a side surface of the 
iittulation member adiacem to the distal end thereof 



5 8 



15 10 



5 ^si electrosureical instnimem as claimed in claim 7. wherein the return electrode 
is formed with a hood-like extension which extends over the surface of the insulation 
member which is opposite the cut-out. 

9 An elearosuroical instnimem as claimed in any one of claims I to 6. wherein the 
,0 fiU^^maiynu^nbersaremoumedwithintheinsulauonmemberinsuchamannert^^^ 

are axiallv movable relative to the insulation member between a nrst operadng posmon. 
in which^ey extend partiaUy from the insulation member, and a second operanng postuon. 
in which they extend fully from the insulation member. 

. u An electrosurgical instrumem as claimed in any one of claims . to 6. whenrin the 
insulation member is formed with at least one win^ the or each wing extending d.staUy 
from the insulation member to project beyond the tissue treaimem electrode. 

H. An elearos^rgical instrumem as claimed in claim 10. wherein the insulation 
20 member is formed with a pair of diametrially-opposed wings. 

12 An electrosunrical instnunent as claimed in any one of claims . to U. wherein the 
common electrical ;.pp.y conductor is a central conduaor. the inflation member 
surrounding the central conductor. 

aumw mOTbers ». n«« of . precious m«J such « pbtom 
,4 A»d«ro»ndcai b«mn,». « cl«n»d in any on. of d»n« 1 .o n. wHoein*. 

platinummmgsien or plaunum/cobalt. 
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15. .^n elcctrosurgical insinimeni as daimed in any one of claims 1 to 1 2. wherem the 
filameniary members are made of lunesien. 

16. An eleorosurgical insirumeni as claimed in claim 2. wherein the filaments each 
5 have a length lying within the range of from 5mm to 1 0mm. 

17. An eicarosurgical instrument as claimed m claim 16. wherein the filaments are 
made of stainless steel. 

10 18. An dectrosurgical instrument as claimed in any one of claims I to 17. wherein the 
insulation member is made of a ceramic material. 

19. An dectrosurgical instnmient as claimed in any one of claims I to 17. wherein the 
insulation member is made of silicone rubber. 

15 

20. Andectrodeuniiforandearosurocalinstnmiemforthetreaimentoftissuemthe 

presence of an dectiically-conductive fluid medhim. the dcctrode unit comprising a shaft 
having at one end means for connection to an instrument handpiece, and, mountedonthe 
other end of the shaft, an electrode assembly comprising a tissue treatmem dectrode and 
20 a return dectrode which is electncally insulated from the tissue treatment electrode by 
means of an insulation member, the tissue treatment dearode bdng exposed at the distal 
end portion of the instmment. and the return electrode having a fluid contact suifece 
spaced proximallv from the exposed end of the tissue treatmeM dectrode by the msulanon 
member, wherdn the exposed end of the tissue treatment dearode is constituted by a 
25 pluralitv of tissue treatment filamentaw members made of an dectricaUy-conductnre 
material ihe filamentary members bdng dectrically comteaed to a common electncal 
supply conduaor. 

21. Electrosunrical apparatus comprising a radio frequency generator and an 
30 dectrosurgical insirumem for the treatment of tissue in the pressure of an deoricaUy- 
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assembly ai one end of the shaft, the elearode assembly comprising a tissue ireaimeni 
elearode and a return electrode which is eiectricaily insulated from the tissue treaimem 
eicorode by means of an insulation member, the tissue treatment electrode being exposed 
at the distal end ponion of the instrument, the return electrode having a fluid contaa 

5 surface spaced proximally from the exposed end of the tissue ueaiment electrode by the 
insulation member, and the radio frequency generator having a bipolar output connected 
to the electiodes. wherein the exposed end of the tissue treatment electrode is constituted 
by a plurality of tissue treaimem filamentary members made of an electrically-conductive 
material the filamentary members being electrically connected to the radio frequency 

1 0 Generator by a common electric supply conduaor. 

22. Apparams as claimed in claim 2 1 . wherein the radio frequency generator includes 
control means for varying the output power delivered to the dectrodes. 

IS 23. Apparams as clairoed in claim 22, wherein the control means is such as to provide 
output power in first and second output ranges, the first output range being for powering 
die electrosurgical instiumem for tissue dessication, and the second output range being for 
powering the electrosurgical instrument for tissue removal by vaporisation. 

20 24. Apparatus as claimed m claim 23. wherein the first output range is from about 1 50 
volts to 200 volts, and the second output range is from about 250 volts to 600 volu. the 
voltage being peak voltages. 
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